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Abstract 

An EPR experiment with polarized entangled photons is performed to test the Eberhard model. According 
to the Eberhard model, quantum correlations between space-like separated events are due to a superluminal 
communication signal propagating in a preferred frame. The coincidences between entangled photons passing 
through two polarizers aligned along a East- West axis are measured as a function of time during 21 sidereal 
days. No deviation from the predictions of the Quantum Theory is observed. Tacking into account for the 
experimental uncertainties, we infer that, if a preferred frame for superluminal signals exists which moves at 
velocity v with respect to the Earth, the modulus of the velocity of quantum communications in this frame 
has to be greater than vt — 0.6 ■ 10'' c for ?; < 0.1 c and for any arbitrary direction of v. 
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1. Introduction 

The non-local character of Quantum Mechanics 
{QM) has been object of a great debate starting 
from the famous Einstein- Podolsky- Rosen {EPR) 
paper [l[. Consider, for instance, a quantum sys- 
tem made by two photons 1 and 2 that are in the 
polarization entangled state 



\H,H> +e"f'\V,V>) 



(1) 



where H and V stand for horizontal and vertical 
polarization, respectively, and is a constant phase 
coefficient. The two photons propagate in space far 
away one from the other and the polarization of the 
two photons is measured at a given time. According 
to QM, a measurement of horizontal polarization of 
one of the entangled photons leads to the collapse 
of the entangled state to \H,H >, then, also the 
other photon must collapse to the horizontal polar- 
ization whatever is its distance from the previous 
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photon. This behavior suggests the existence of a 
sort of "action at distance" qualitatively similar to 
that between electric charges and masses that was 
introduced before the advent of the local Maxwell 
electromagnetic theory and the local Einstein Gen- 
eral Relativity theory. Many physicists are unsat- 
isfied of the non-local character of QM and alter- 
native local models based on hidden variables have 
been suggested. As shown by Bell [2] and other 
authors [3, 01 , local hidden variables theories must 
satisfy some inequalities that are not satisfied by 
QM. Many experiments have been performed for 
checking these inequalities [sj-fisj and the validity 
of QM versus local hidden variables theories has 
been always found. Although the locality loophole 
and the detection loophole have not yet compl etely 
closed using a single experimental apparatus [14| . 
experiments have continuously conver ged to clos- 
ing both the locality loophole |6ll7l.[lolTlH and the 
detection loophole [8|, [l^ . Then, it seems to us to 
be reasonable to think that hidden variables alone 
cannot fully justify QM correlations of entangled 
particles. In this case, alternative local explana- 
tions of QM correlations could be possible assum- 
ing some communication between entangled parti- 
cles [ll,[ll|. 
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Indeed, as shown by Eberhard |15| . a realis- 
tic local model of QM can be obtained assuming 
that some superluminal communication (quantum 
tachyon) propagating in a preferred frame {PF) can 
occur in a quantum system. Tachyons are known 
to lead to causal paradoxes (the present in a 
given point can be affected by the future in the same 
point), but it can be shown that no causal paradox 
arises if they propagate in a preferred frame where 
the tachyon velocity vt — (3tc {jSt > 1) is the same 
in all directions (see, for instance, section 3.1 of 
(l^V According the Eberhard model, if two pho- 
tons are in the entangled state of eq.(IT]), when po- 
larization of one photon is measured and it collapses 
in the horizontally oriented state, then a tachyon is 
sent to the other entangled photon that collapses 
to the horizontally oriented state only after this 
communication has been received. Therefore, the 
standard quantum correlations for the polarization 
measurements of entangled photons can be recov- 
ered only if it has been communication between the 
two photons. If there has been not sufficient time 
for this communication, a lack of quantum correla- 
tion occurs. Of course, the predictions of the Eber- 
hard model coincide entirely with those of QM if 
ft — 7- oo, then no experiment satisfying QM can in- 
validate this model but it can only fix a lower bound 
for the tachyon velocity vt . 

A long-distance (10.6 km) EPR experiment has 
been performed by Scarani et al. tl9i] using energy- 
time entangled photons to establish a lower bound 
for velocity Vt of quantum communications. The ex- 
perimental results were analyzed under the assump- 
tion that the PF is the frame of cosmic microwave 
background radiation. With this assumption, they 
obtained a lower bound Vmin = 1.5 • 10"* c. More re- 
cently similar measurements have been performed 
by Salart et al. [20'| improving some features of 
the previous experiment and using detectors aligned 
close to East- West direction (at angle a — 5.8°). In 
such a way the authors were able to find a higher 
value of the lower bound of the tachyon velocity for 
any direction of velocity v of the PF. In this Let- 
ter we report the results of a small distance (2 m) 
EPR experiment with polarization entangled pho- 
tons. The polarization measurements on the two 
entangled photons are made in two points A and 
B aligned along the East- West direction. What- 
ever is the orientation of velocity v of the preferred 
frame, an appreciable disagreement with quantum 
predictions would be expected if the tachyon veloc- 
ity in the PF is lower than a minimum value Pt^minC 



(see eg. dT^ V Since we do not find any deviation 
from the predictions of QM, we infer that possible 
tachyons velocity exceed (5t,minC in agreement with 
the results in refs. [l^ and [l^. In Section [5] we 
discuss what are the conditions that make possible 
the experimental observation of a lack of quantum 
correlation. In Section [3] we discuss the main fea- 
tures of our apparatus and the main experimental 
uncertainties. In Section S] we report our results 
and the conclusions. 



2. Conditions for the lack of quantum corre- 
lation of entangled photons. 

The main features of the experimental method 
are schematically drown in figH] Two entangled 
photons are generated at a point P and meet two 
polarizers at points A and B at distance (Iab — 
Xb — xa > along a a;-axis of the laboratory frame 
oriented along the East- West direction. 




P 



Figure 1: P: position of the source of the entangled photons; 
A,B: positions of the polarizers; v: velocity of the tachyons 
preferred frame (PF); x: East- West axis in the laboratory; 
z: rotation axis of the Earth. 

The z-axis is parallel to the rotation axis of the 
Earth. We assume that a tachyon going from A to 
B or from i? to A is emitted as soon as a photon 
reaches point A or B, respectively. At a given time 
t, velocity v {v = f3c, < /3 < 1) of the tachyon PF 
with respect to the laboratory frame makes the po- 
lar angle x with the z-axis and the azimuthal angle 
if with the a;-axis. Due to the Earth motion, angle 
(f changes according to </? (t) — + ipo, where T 
is the sidereal day. Using the Lorentz transforma- 
tions with > 1 we find that velocity {9) of a 
tachyon going from ^ to 5 in the laboratory frame 



is: 



v+ (9) = c 



l + /3/3tC(0) 



(2) 



where 



C (0) = [/3t {1 - 13'^ cos'^ 0)] ^[-/3sm^e+ 



cos 0y^l - /3V(A^ - 1) (1 - cos2 61) + 1 - /32 

(3) 

Then, velocity -y^ (0) of a tachyoii that propagates 
in the opposite direction of the a;-axis (from B to 
A) at angle tt — with respect to velocity v is 



V (0) 



(4) 



We emphasize that velocities v^' {0) and {0) 
given in eqs. ^ and (|4]) can assume negative values 
as it is evident in fig. [5] where ^/vf{e) and —'^/v~{S) 
are drawn. It is important to remark that (0) 
represents the velocity of a tachyon going from A 
to B toward the positive direction of the a;-axis. 
Since {0) — ^t'^Zt^ and xb — xa > 0, a negative 
value of (0) simply means that ts < tA, that is 
a tachyon emitted at A when the clock fixed in A 
signs tA meets point B when the clock fixed in B 
signs tB < tA- This is not surprising if one takes 
into account that clocks at A and B are synchro- 
nized using the standard Einstein synchronization 
procedure and, thus, times tA and tB measured in 
different space points have not an absolute mean- 
ing. For a more detailed discussion of this point we 
refer to 

We denote by A the optical path difference of 
entangled photons {tB — tA + '^/c). Quantum cor- 
relations between the polarizations of the entangled 
photons at points A and B will be recovered if one 
of these conditions is satisfied: 

a) a tachyon emitted at A at time tA meets B at 
time t'g = tA + '^abIv+ (9) < tB (before the arrival of 
the other entangled photon at 5); 

b) a tachyon emitted at B at time tB meets A at 
time t'j^ = tB +'^abIv- [e) < tA (before the arrival of 
the other entangled photon at A). 

Quantum correlations will be not observed if none 
of these conditions is satisfied, that is if: 



dAB A 
tA + -^ > tA + - 

v+ (0) c 



V 



tB- 



d 



AB 



A 
(5) 



We remark that our theoretical analysis is made un- 
der the well-founded assumption that the polariza- 
tion measurement takes place inside the polarizing 
layers. From conditions (O we get: 



<P< 



(0) 



(6) 



where p — ^jdf 
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Figure 2: The full curves represent functions —'^/v~(e) (lower 
curve) and (upper curve), respectively, for /9 = 0.5 • 

10~^ and Pt = 0.5-10^. The broken curve represents function 
y = /3 cos 6. The region between the full curves corresponds 
to the region where no quantum correlation occurs (eq. (|6ll). 

Fig[2] shows an example of the 0-dependence of 
functions —'^/v~{e) (lower full curve) and '^/v+(e) (up- 
per full curve) together with function y = /3 cos 
(broken middle curve) for j3 ~ 0.5 • 10^'^ and 
Pt = 0.5 • 10'*. For any value of angle 0, there is 
always a finite interval of values of p (above and be- 
low /ScosO) that satisfies condition ([5]). Using eqs. 

it can be shown that this property remains 
satisfied for any /3 < 1 and /3t > 1. For instance, 
in the case shown in figUl no quantum correlation 
occurs in a finite interval of ^-angles if —7 • 10"'* < 
p < 7 ■ 10"'*. At the first order in i/ft inequality ^ 
reduces to 13 cos 0-°-{fifi)/i3t < p < /3 cos 0-1- ^(0, 9)/^^^ 
where a (/3, 9) = 1 — (3"^ 1 — (3"^ cos^ 9. In our ex- 
periment, angle 9 between velocity v of the PF and 
the X-axis (East- West direction) will change peri- 
odically due to the Earth rotation. In particular 



' (t ) = arccos [— sin x sin wt] 



(7) 



where we assumed — '^/2 at t = and where uj 
is the angular velocity of the Earth and t is the 
time. Angle will oscillate periodically between a 
minimum value '^/2 — x {'^{t) = in figHJ and a 
maximum value '^/2 -I- x = tt in figH}. Look- 

ing at figlH we see that, for A = 0, there exists 
always a finite interval of angles where no quantum 



correlation must occur. Then, it is convenient to 
set A = in the experiment. However, the pres- 
ence of an experimental uncertainty 6 A sets severe 
limitations to the possibility of observing a lack of 
quantum correlation. 

In our experiment, distance cIab between the po- 
larizer layers at A and B is cIab = 1.75 m and the 
main experimental uncertainties are: 

1) the uncertainty on the positioning of polarizers 
at the same distance from the source of entangled 
photons {5 A 40 /ito); 

2) the intrinsic uncertainty related to the coherence 
length he = -^^/aa of the entangled photons. The 
entangled photons pass through a 40 nm width opti- 
cal filter centered at 820 nm leading to he ~ 16 /im; 

3) the spatial width of the active polarizing layers 
that is dc ~ 220 /im. 

The resulting uncertainty is SA « 280 /im, then, 
in our experiment 



0±p = ±1.6 • 10" 



where 



P 



SA 

dAB 



(8) 



(9) 



A total lack of quantum correlation will be only 
observed if angle is within the interval [0i,6'2] of 
amplitude A9 shown in fig HI Since 9 = 0{t), the 
condition 9i < 9 < 62 establishes a corresponding 
time interval At [9 - 9{~^^/2) = 6*2 - 6*1]. 

Then, 



At 



sm X sm =F 



LoAt 



(10) 

where symbols - and + refer to 9i and 02, respec- 
tively. The maximum value of interval A9 for which 
a total lack of correlation can be observed is fixed 
by p and will be obtained using the condition 



2p < 



(11) 



that corresponds to impose that the rectangle of 
sides A9 and 2p is fully inside the region limited by 
the curves '^/v+{6) and -^/v^{e) (see the gray rectan- 
gle in figH]) . Substituting the expressions of v'^ [9) 
and {9) given in eqs. ©-(HI) into (fTTj) with cos 6*1 
and cos 02 given by (fTU|) . after some tedious but 
straightforward calculations we finally obtain: 



Y [p + /3sinxsin^^] 



(12) 



E quat ion ((T^ was already obtained by Salart et 
al.|20j and establishes the basic dependence of the 
maximum detectable tachyon velocity Pt.min on the 
experimental parameters p — ^'^/d.AB and At. For a 
fixed value of /?, Pt,min decreases increasing both p 
and At (At < ^/u,). 

In conclusion, in our experiment, whatever is ve- 
locity V (modulus j3c and direction x) of the PF. 
deviations from the predictions of the Quantum 
Mechanics should be always observed provided the 
tachyon velocity in the PF satisfies condition (|T^ . 



3. - Experimental apparatus and proce- 
dures. 




Figure 3: schematic view of the experimental apparatus 

The experimental apparatus is schematically 
drawn in figOl A blue diode laser beam (L, A = 
407 nm) is polarized at 45° with respect to the ver- 
tical axis by polarizer Pq, passes through a tilting 
plate compensator (C) with vertical extraordinary 
axis and impinges at normal incidence on two thin 
(0.5 mm) adjacent nonlinear optical crystals (BBO) 
cut for type-I phase matching. The two crystals 
are aligned so that their optic axes lie in planes 
perpendicular to each other with the first plane 
that is horizontal. The coherence length of the blue 
laser beam was increased to 1 mm using a reflection 
diffraction grating that is not shown in figlH Since 
the pump polarization is set at 45°, it induces down 
conversion at A = 814 nm in each crystal [22]. The 
output photons are created in the maximally entan- 
gled state {\H,H > +e'^\V, V >) /V2, where phase 
(/) can be adjusted via tilting of the optical compen- 
sator C. The remaining components {Ri, Pi, Fi, Li 
and Di) are mounted on two /^shaped guides that 
can rotate in the horizontal plane of the optical ta- 
ble around a vertical axis passing for the center of 



the BBO plates so that angles ai and a2 can be 
changed continuously with an accuracy of 0.02°. Ri 
and i?2 are two right angle prisms, Pi and P2 are 
thin polarizing films (LPNIR, Thorlabs) . Fi and F2 
are interference filters (A — 820 nm±20 nm) and Di 
and D2 are single photons counters (Perkin Elmer 
SPCM-AQ4C). Li and L2 are optical lenses that fo- 
cus the entangled photons on two multimode fibers 
connected to detectors Di and D2- The detectors 
outputs are sent to electronic counters and to a co- 
incidence circuit and, after, to a PC. A labview 
program controls any experimental feature. The 
i^shaped guides are rotated to maximize the count 
rates and the coincidences of the entangled photons. 
This condition is satisfied for ai = a2 = 2°. In this 
condition, the centers of polarizers Pi and P2 are 
aligned along a i-axis in the East- West direction 
within 0.2°. To minimize any possible thermal dis- 
placement, the room temperature is held fixed at 
27° ± 0.3°C during the whole measurements time. 

In fig 131 are also shown a glass plate G, a beam 
splitter B, a reference mirror M and a photodiode 
Ph. These components are introduced only during 
the preliminary measurements to equalize the op- 
tical paths 1 and 2 of entangled photons from the 
BBO plates to the first surfaces of polarizers Pi and 
P2 using an interferometric method. Glass plate G 
is introduced to compensate the lateral shift of the 
blue laser beam due to beam splitter B. G and B 
are mounted in such a way that the rotation of the 
iy-shaped guides is not disturbed. The first step 
consists on replacing polarizer Pi by a mirror Mi, 
then the left L-shaped guide is rotated up to ai = 0. 
In this condition, paths B — Ri — Mi and B ~ M, 
constitute the two arms of a Michelson-like interfer- 
ometer for the blue laser beam. Then, interference 
fringes occur in front of photodiode Ph. Due to 
the finite coherence length of our blue laser beam 
(about 1 mm) , the maximum contrast of interfer- 
ence fringes is obtained for equal lengths of the two 
arms of the interferometer. To measure the fringe 
contrast, we put a small loudspeaker oscillating at 
a frequency of 100 Hz in the contact with the ref- 
erence arm of the interferometer containing mirror 
M. This procedure induces small changes (< 1 fim) 
of the length of the reference arm and, thus, a cor- 
responding oscillation of the pattern of interference 
fringes in front of photodiode Ph. Then, the ampli- 
tude of the oscillating signal at the output of pho- 
todiode Ph is proportional to the fringe contrast. 
The reference mirror M is mounted on a motor- 
ized linear stage and the mirror position leading to 



the maximum amplitude of the oscillating signal is 
found with an estimated precision better than 5 fim. 
The same kind of measurement is, then, repeated 
with the right i^shaped guide after polarizer P2 has 
been replaced by mirror M2. In this latter case, the 
motorized linear stage of the reference mirror M is 
held at the rest while M2 is translated up to re- 
cover the maximum contrast of interference fringes. 
In these conditions the optical paths of entangled 
photons 1 and 2 (up to mirrors Mi and A/2) are the 
same within 10 /im. Due to thermal effects, small 
changes of the lengths of the two arms could oc- 
cur. To take under control this possible effect, we 
have repeated the measurement during a week at 
different times measuring the variations of differ- 
ences of lengths of the interferometer arms. These 
variations are usually smaller than 5 fim but, in a 
few cases, changes up to 25 fim have been observed. 
The final procedure consists on replacing mirrors 
Ml and AI2 with polarizers Pi and P2 in such a 
way that the first surface of the polarizing films 
(firstly encountered by the entangled photons) lies 
in the same position of the mirror surfaces. This 
is obtained using a profilometer that ensures a fi- 
nal accuracy better than 5 fim. Therefore, tacking 
into account for possible thermal drifts, the result- 
ing difference of optical paths between the entan- 
gled photons in the two arms is estimated to be 
less than 40 /im. 

Once the two optical paths have been equal- 
ized, the components G, B, M and Ph are removed 
and plate G is replaced by a black light absorber, 
then the L-shaped guides are positioned at angles 
ai = a2 = 2° where the maximum of coincidences 
is observed. We denotes here by 71 and 72 the an- 
gles between the polarization axes of polarizers Pi 
and P2 and the vertical axis. According to QM, 
the probability of coincident detection of photons 
passing through the polarizers is 

I cos 7i cos 72 -I- e*"^ sin 71 sin 72 1 ^ 
^'12(71, 72) = ^ 

(13) 

whilst the probability of detection of a photon pass- 
ing through a single polarizer is 

Pi(7i)=^2(72)-^. (14) 

In our experiment we set 71 =72 — "^/i and, thus, 
from ea. (|13p we infer that the number of coinci- 
dences depends on phase </> according to 



2 



(15) 



The result in eq.([T5]) is predicted by QM and by 
the Eberhard model if there has been sufficient time 
for communication between photons 1 and 2. On 
the contrary, if communication is not possible (see 
section (2) , the Eberhard model predicts that the 
measurements at points A and B are fully uncorre- 
cted (eqs. (4.68) and (4.81) in [Hi) and the prob- 
ability of coincident detection of photons becomes 
^2(71, 72) = -Pi(7i)-P2(72) = V4 that leads to the 
constant coincidences rate 



(16) 



If 



= TT, the QM coincidence rate predicted by 
ea. p5p becomes ricoinc = 0. Then, according to the 
Eberhard model, a sharp variation from the QM 
value ricoinc = to the uncorrelated one n*^^^^^ = 
rimax/2 should be observed in a suitable time interval 
of a sidereal day if = vr and /3t < /3mm given in 



4. - Experimental results and conclusions. 




Figure 4: Coincidence rate (counts/s) versus the average 
phase (f>. The acquisition time is At = 100 s. The full hne 

is the best fit with function N^oina = o. + bcos^ with 

a = 1.14s~^ and b = 12.05 s~^. The dotted horizontal line 
represents the theoretical prediction of the Eberhard model 
if quantum communication are not allowed (eq. 11161 ) . 



the theoretical prediction for no quantum commu- 
nication. The non- vanishing value of coefficient a 
is due in part to the dark spurious coincidences 
{Ndark = 0.3 s^i) and in part (0.84 s'^) to the fi- 
nite acceptance angle of entangled photons that is 
estimated to be Aa « 5 • 10^'^ rad in our exper- 
iment. In fact, due to the birefringence of BBO, 
the phases differences between entangled photons 
that are emitted at slightly different angles have 
not the same values leading to the reduced contrast 
observed in figg] fi?!. 

In order to detect a possible lack of quantum cor- 
relation occurring at a given time interval during a 
sidereal day, we set 71 =72 — ^/i and (j) — -k. 
Indeed, according to eqs. (ITSt and (fT6)) . the max- 
imum departure between quantum correlated and 
uncorrelated results (full and dotted lines in figH]) 
is expected if phase </) is a multiple of tt. We 
choose an odd multiple of tt since it corresponds 
to a minimum of the coincidence number ricoinc 
and, thus, to a minimum value of the statistical 
noise ricoinc- According to ea. (|12p . the higher 
value of the lower limit Pmin would be obtained 
for At — > 0. However, a reduction of the acquisi- 
tion time leads to a decrease of the signal to noise 
ratio. In our experiment, sufficient signal to noise 
ratio is obtained setting /Si — As. With this choice, 
/? sin X sin < p for any value of j3 and x a-nd, 
thus, the finite acquisition time affects appreciably 
Pmin only for relativistic values of /3. Using this 
acquisition time, we measure the number of coinci- 
dences at different times during a sidereal day. The 
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Figd] shows the experimental values of the co- 
incidence rate {Ncoinc = "cfi^c/At) versus phase 
that are obtained using a 100 s acquisition time and 
setting the polarizers angles at 71 = 72 = V^- 
The full line represents the best fit with function 
Ncoinc — a + 6cos^(0/2) that differs from the theo- 
retical prediction in ea. (fT5)l due to the presence of 
constant a. The dotted horizontal line represents 



Figure 5: Number of coincidences versus time expressed in 
sidereal hours. The acquisition time is At = 4 s. The full 
line is the number of coincidences predicted for no quantum 
correlation between entangled photons. 

results of this measurement are shown in fig|S]where 
the horizontal line represents the value of coinci- 
dences expected for totally uncorrelated photons 
[ricoinc = (a + Ys) At] . Although the experimen- 
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Figure 6: Relative frequency distribution of coincidences in 
a simple sidereal day for a 4s acquisition time. The exper- 
imental data are those of figO The full line represents the 
theoretical Poisson distribution. 

tal noise is somewhat high due to the small acqui- 
sition time, the coincidences rate remains always 
well below the horizontal line. Furthermore, the 
fluctuations of the coincidences around the average 
value Uav = 4.58 that are clearly visible in fig|S]are 
fully consistent with the usual Poisson noise. This 
is evident in fig|5] where the relative frequency dis- 
tribution of coincidences during a sidereal day is 
shown together with the Poisson distribution (full 
line) that corresponds to Uav = 4.58. We empha- 
size that no free parameter is used to draw the full 
line in figlHl 

According to Eberhard, the model in fis'l is only 
one of the possible realistic local models based on 
signals propagating at a superluminal velocity that 
can be proposed to justify the observed quantum 
correlations in EPR experiments. In particular, 
in such a model, the correlation between entan- 
gled photons is entirely due to the quantum com- 
munication and, thus, no correlation exists if they 
have not sufficient time to communicate. However, 
more complex models that are a combination of hid- 
den variable theories and quantum communications 
could be proposed [l^. According to these models, 
the quantum correlation between entangled pho- 
tons could be due in part to some correlation that 
is already present at the beginning when entangled 
particles are created (hidden variables) and in part 
to superluminal communications between them. In 
such a case, some residual correlation of entangled 
photons would be present also if they have not suf- 
ficient time to communicate and, thus, the number 
of coincidences that should be expected when there 
is no communication could be appreciably different 
from the value Umax/'i that characterizes totally 
uncorrelated events [^12(71, 72) 7^ -Pi (71)^2(72) = 



1/4]. In such a case, one or more of the coincidences 
variations shown in figl5]could be not due to the sta- 
tistical noise but to the occurrence of some incom- 
plete quantum correlation at a given time interval. 
Although this interpretation seems to be reasonably 
excluded by the satisfactory agreement between the 
experimental frequency distribution of the coinci- 
dences and the Poisson distribution (figE]), we de- 
cided to improve our analysis in order to evidence 
possible small systematic deviations. In order to 
reach this goal, we exploit an important feature of 
the Eberhard model: the lack of quantum correla- 
tion is expected to be a periodic phenomenon with 
a period of a sidereal day (in the ideal case p = 0, 
the period becomes a half of a sidereal day). Then, 
a small systematic signal occurring at a given time 
of a sidereal day could be enhanced with respect 
to the statistical noise by summing the counts oc- 
curring at the same instant of N different sidereal 
days. This procedure reduces the statistical noise 
by a factor \/l/N but does not affect a possible 
periodic signal. For this reason we have repeated 
measurements over 21 sidereal days. The counts 
corresponding to the same time intervals of differ- 
ent sidereal days have been mediated. The results 
of this procedure are shown in figEl Now, the sta- 
tistical noise is appreciably reduced and the differ- 
ence between the experimental counts and those 
expected for no correlated events (full horizontal 
line) is much more evident. Furthermore, no peak 
comes out from the statistical noise. In particular, 
the maximum departure of Ucoinc from the average 
value Uav = 4.62 is An = 1.95 (the standard de- 
viation in figl7]is a — 0.48). Such a variation cor- 
responds to about 1/12 of the expected variation 
An = 23 for totally uncorrelated results. 
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Figure 7: Number of coincidences with the acquisition time 
At = 4s averaged over 21 sidereal days versus time. 

Substituting our experimental parameters p ~ 



1.6-10 ^ and At — is in eg. p^ we can calcu- 
late the lower bound I3t,min versus /3 and x- Fig[5] 
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Figure 8: (St,m.in versus x for some values of /3 obtained using 
ea.l ll2ll witli tlie experimental parameters p = 1.6 ■ 10~* and 
At = 4 s. 
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Figure 9: I3t,min versus /3 for x = V^- The full line is ob- 
tained for p = 1.6- 10""* and At = 4 s using eQ. lll2ll whilst the 
broken line corresponds to the parameters of the experiment 
in ref. [13 (p = 5.4 ■ 10"^ and At = 360 s). 

shows the dependence of Pt,min on X for some values 
of p. Note that Pt,min is virtually independent of x 
for /3 < 10^^ and that, for a fixed /3, the minimum 
value of fit,min is reached for x = V^- The relatively 
smooth dependence of Pt^min on x is the direct con- 
sequence of two main features of our experiment: 
a) the choice of a East- West orientation of the axis 
connecting the polarizers; b) the choice of a rela- 
tively small At [sin ('^V^) ^ P in eq.([T2])]. In partic- 
ular, if the detection axis makes a finite angle a with 
the East- West direction, a sharp decrease of f3t,min 
occurs for < x ^ and for tt — a < x < tt (see fig. 
5a of (i^l). Figinishows the dependence of I3t,min on 
/? for X = V^- The full line corresponds to f3t,min 
as obtained using the parameters p = 1.6 • 10~^ and 
At = 4 s of our experiment whilst the broken line 
is obtained using the parameters p — 5.4 • 10~^ and 
At — 360 s of ref. [20] . Note that our experimental 
values of (3t,min are virtually independent of /3 up 



to /3 w 0.1 (/3f,™„ > 0.6 • lO'^ for (3 < 0.1). This is 
another direct consequence of relatively small value 
of At. The experimental results of Salart et al. 
(broken line in fig. ^ show a much greater de- 
pendence on j3 since sin('^*/2) 3> p in their experi- 
ment. Note that the values of /3t,„iin of the broken 
curve are more than one order of magnitude higher 
than those of the full curve if /3 ^ 10"'^ and be- 
come appreciably smaller for (3 > 10~^. We remind 
here that the velocity of the cosmic microwave back- 
ground radiation reference frame is z; « 1.2 • 10~^ c 
[19|. Finally, we emphasize that, for any value of 
At and p, I3t,vain 1 for /3 ^ 1. 

In conclusion, in this Letter we have experimen- 
tally investigated the possibility that the quantum 
correlation that characterizes EPR experiments can 
be due to some superluminal signal propagating in 
a preferred frame. Due to the choice of a West- East 
alignment of the polarizers and to the choice of a 
sufficiently small acquisition time, our experimental 
results are poorly dependent on both the modulus 
and the orientation of the velocity of the preferred 
frame. No evidence for the presence of superluminal 
signals has been observed in our experiment. Our 
experimental results provide a lower bound for the 
velocity of possible superluminal signals as shown 
in the full curve of fig El 
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